ABSTRACT. This study aimed to assess the usefulness of serum iron (Fe) concentration as a marker of inflammation caused by the dehorning operation. Five young Holstein cows aged 205.0 ± 10.7 days and weighing 207.2 ± 24.1 kg underwent the dehorning operation. Blood samples were withdrawn before dehorning (pre) and at time periods of t=0.5, 2, 4, 6, 8, 12, 24, and 48 hr. The serum amyloid A (SAA) concentration was significantly high at t=48 hr (P<0.01). The serum Fe concentration significantly decreased, reaching 90.0 ± 36.4 µg/dl at t=24 hr (P<0.001). Therefore, serum Fe concentration showed significant and negative correlation with SAA concentration (r 2 =0.500, P<0.01). In conclusion, serum Fe concentration is a useful marker of inflammation in young cows that have undergone the dehorning operation.
Inflammation is a complex response to cell or tissue injury. Acute inflammation causes a non-specific systemic reaction as an acute phase response. The host's response to inflammation, the "acute phase response", is a highly conserved series of physiological reactions, including marked changes in plasma protein concentrations. The systemic reaction to proinflammatory cytokines is the production and secretion of acute phase proteins (APPs) by the liver [6] . Testing for APPs allows early detection of inflammation because APPs are released early during the inflammatory response. The common APPs measured in cattle are haptoglobin (Hp), serum amyloid A (SAA), lipopolysaccharide binding protein, alpha (1)-acid glycoprotein, and transferrin. [8, 10, 21] .
Iron (Fe) plays important roles in many enzymatic activities and is an essential trace element for the host and pathogen [17] . Neumann [16] reported that serum Fe levels decreased in 90% of cats and 60% of dogs with inflammatory diseases. This reduction has been attributed to decreased intestinal absorption and reductions in the release of Fe by the reticulo-endothelial cells [1, 4, 5] . Previous studies have also demonstrated that serum Fe concentration decreased in acute traumatic reticuloperitonitis and mastitis in cows [2, 9] . Erskine et al. [9] demonstrated that serum Fe concentration decreased in 20 hr after experimental induction of infection with bovine E. coli. In addition, serum Fe levels decreased within 24 hr postoperatively in horses with osteochondritic lesions, laryngeal neuropathy, and ovarian tumors [11] . Serum Fe concentration in cows not only reflects inflammatory responses but may also be a sensitive inflammatory marker.
An evaluation of the relationship between inflammation and the status of serum Fe concentration may be useful for the evaluation of host response to inflammation during surgery because measurement of the serum Fe concentration is cheap and easily performed. However, comparative studies have not yet been conducted on Fe concentration in serum collected from cattle who underwent surgery. Therefore, the aim of the present study was to measure changes in the serum Fe concentration in cows that underwent the dehorning operation, and assess the usefulness of serum Fe concentration as a marker of inflammation.
All procedures were performed in accordance with the Good for the Care and Use of Laboratory Animals of the School of Veterinary Medicine at Rakuno Gakuen University and the National Research Council [13] . Three male and two female Holstein cows, aged 205.0 ± 10.7 days and weighing 207.2 ± 24.1 kg, were enrolled in this study. These cows were patients at the animal medical teaching hospital in Rakuno Gakuen University, and were scheduled to undergo the dehorning operation. These young cows were clinically normal, as assessed by vital signs, attributes, and appetite. In addition, no abnormal findings were observed in temperature, heart rate, respiratory rate, ruminal movement, and fecal production. The time at which 1 mg/kg of xylazine (Bayer, Osaka, Japan) was intravenously administered was defined as t=0 min. After 2 min of Xylazine administration, the cows were injected with 5 ml of 2% lidocaine hydrochloride (Xylocaine Injection 2%, Aspen Japan, Tokyo, Japan) on both sides as a local anesthetic block of the cornual branch of the zygomaticotemporal (lachrymal) nerve. Dehorning and hemostasis at the horn base were carried out using the Barnes dehorner and electric dehorner, respectively. Because all surgical procedures were completed within 15 min, 50 µg/kg of atipamezole (Antisedan, Nihon Zenyaku Kogyo Co., Ltd., Fukushima, Japan) was intravenously administered at t=15 min as an antagonist of the sedative. All cows stood up immediately after the atipamezole injection.
Blood samples (10 ml each) were withdrawn from the contra lateral jugular vein before sedation (pre) and at t=0.5, 2, 4, 6, 8, 12, 24 and 48 hr, and the serum samples were stored in separate tubes. The serum was harvested after centrifugation at 3,000 rpm for 15 min at room temperature and was stored at −80°C until analysis. The SAA was measured with an automated latex agglutination turbidimetric immunoassay (LAT: SAA-1, Eiken Chemical Co., Tokyo, Japan) using an automated clinical chemical analyzer (Hitachi 7170S, Hitachi Ltd., Tokyo, Japan) [7] . The serum Fe concentration was measured by 2-Nitroso-5-[N-n-propyl-N-(3-sulfopropyl) amino] phenol (Nitroso-PSAP) methods using a commercial kit (N-assay L Fe-H Nittobo, Nitto Boseki, Co., Ltd., Tokyo, Japan). Duplicate measurements were performed, and the mean concentrations of SAA and iron were used for further statistical analyses.
Statistical analyses were performed using a commercial software package (IBM SPSS Statistics, v.21, IBM Co, Somers, NY, U.S.A.). Data were reported as the mean± standard deviation (SD). The mean values of each dependent variable were compared using the one-way analysis of variance (ANOVA), and was followed by the use of a post hoc test that depended on multiple comparisons with the initial value (Dunnett test). Pearson's rank correlation test was also used to evaluate the correlation between SAA and serum Fe concentration. P values lower than 0.05 were considered significant.
All the test cows underwent dehorning surgery uneventfully, and did not develop complications after that. Figure 1 shows the sequential changes in SAA and Fe concentrations of the cows that underwent dehorning. The initial value of SAA was 3.2 ± 2.9 µg/ml. The SAA value after dehorning reached 36.9 ± 30.3 µg/ml at t=48 hr. This value was significantly higher than the initial value (P<0.01). The initial value of serum Fe concentration was 143.8 ± 4.1 µg/dl. The Fe concentration in serum significantly decreased, and reached 90.0 ± 36.4 µg/dl at t=24 hr (P<0.001). Significantly low levels of serum Fe in cows that underwent the dehorning operation was maintained at t=12 (P<0.05), 24 (P<0.01), and 48 hr (P<0.01), when compared to the initial value. As described in Fig. 2 , serum Fe concentration was significantly and negatively correlated with SAA concentration (r 2 =0.500, P<0.01).
Significant increase in SAA and significant decrease in serum Fe concentrations due to inflammation associated with the dehorning operation were confirmed in this study. In cattle, the most sensitive acute phase proteins are SAA and Hp, showing a substantial rise in response to acute inflammation [19] . In the present study, the SAA level was increased in cows with noninfectious inflammation, as reported previously [2] . However, measurement of SAA concentration is too expensive to be performed routinely in veterinary diagnostic laboratories. Hepcidin is essential for systemic Fe homeostasis. Hepcidin is secreted predominantly from hepatocytes in response to anemia, hypoxia, or inflammation [18] , and its major functions are to sequester Fe [23] . Interleukin-6 (IL-6) was identified as an important upstream mediator of hepcidin induction by inflammation [14] . IL-6 infusion in humans induces hepcidin excretion and a decrease in serum iron [15] . Therefore, the decrease in serum Fe concentration in this study might have been due to increased hepcidin secretion caused by inflammation. The novelty of our study lies in the fact that no previous study has observed a sequential change in serum Fe concentration in cows with non-infectious inflammation. Suojala et al. [20] showed that variation in SAA concentration was slower than that in Hp in cows with mastitis. In this study, changes in SAA concentration were slower than those of serum Fe concentrations in cows that underwent the dehorning operation. Serum Fe concentration decreases rapidly in response to inflammation, and this can be explained as the host's defense mechanism [3] . A low-Fe environment, which is a consequence of Fe sequestration in the body for control of bacterial proliferation, is essential for the bacteriostatic system to operate in the body [22] . Our results suggest that variation of serum Fe concentration is a superior marker of inflammation compared to variation of SAA concentration, as a marker of inflammation in young cows that underwent the dehorning operation.
Some factors such as hypoproteinemia, anemia, hypoxia, renal disease, and intestinal disease, unrelated to inflammation, may also alter serum Fe concentration [12, 18] . However, initial serum Fe concentration in all cows were normal based on the reference value [2] in this study. In addition, all cows that underwent the dehorning operation were clinically normal based on physical examination. Therefore, inflammation due to the dehorning operation is the only possible factor affecting the variation of serum Fe concentration in this study.
In conclusion, our results demonstrated that serum Fe concentration is a useful marker of inflammation in young cows that have undergone the dehorning operation. Measurement of serum Fe concentration is cheap and easily performed, and hence can be used for clinical cases by the veterinary practitioners. Further studies need to investigate the relationship between inflammation and hepcidin expression in cows.
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